









An Intelligent Logistics Service System for Enhancing Dispatching Operations in an IoT Environment
Abstract
This paper proposed an IoT-based intelligent logistics dispatching system, which enables dynamic coordination between customers, order-picking robots and cloud technology. This system includes three layouts: the framework structure of intelligent dispatching platform based on an IoT environment; the multi-objective optimization model to achieve the efficient dynamic coordination between customers, order-picking robots and the cloud technology; the core two-level algorithm, which comprises of Dijkstra’s algorithm and ant colony algorithm that supports the intelligent dispatching operations. This research shows its ability to efficiently coordinate the dispatching operations through IoT technology to enhance customer satisfaction, and outperforms the traditional dispatching methodologies.






With the rapid development of the e-commerce model in different countries and regions, the global online retail sales are showing a growing trend. In 2018, the global online retail sales accounted for 8.8% of the total retail expenditure, in point of the country, China's retail e-commerce sales were the highest ($1520.10 billions), followed by US ($514.84 billions), UK ($127.98 billions), Japan ($110.96 billions) and South Korea ($87.60 billions), while the proportion of retail e-commerce sales in total retail sales are 27.3%, 14.0%, 10.9%, 4.0% and 18.1% respectively (Lipsman, 2019, Orendorff, 2019). The service or goods delivery within the e-commerce relies mainly on the physical logistics support such as packaging, storing, distributing, transporting, delivering and dispatching. However, these logistics activities consume a long period of human resources and material resources. Particularly, human factors in the dispatching process are one of the main reasons that cause the low operational efficiency of logistics (references needed), such as ‘double 11 shopping carnival’ - a special shopping festival originated in Chinese since Nov 11, 2009. On that single day, Alibaba set a new sales record on 2018's double 11 shopping carnival with more than $38.4 billion (Kharpal, 2019), and after this, a large number of human and material resources are needed to complete the dispatch of these products.
The European Union (EU) has formulated a series of policies focusing on smart cities & smart logistics, those policies include ‘Smart Cities and Communities Initiative’, ‘Smart Cities and Communities European Innovation Partnership, EIP-SCC’, ‘Lighthouse Programmes’, ‘Urban Agenda’  ADDIN EN.CITE (Yifeng, 2019, Marketplace, 2019, Summary, 2017, Uclguser, 2018). These policies call for logistics enterprises to take more social responsibilities in the construction of smart cities. It forces logistics enterprises to re-explore a novel method that enables not only meet the requirements of time, quality, cost, service and environment (TQCSE) that enterprises are concerned about, but also meet the construction needs of smart cities. Moreover, IBM proposed building an advanced, interconnected and intelligent logistics system by using sensors, RFID tags (Radio Frequency Identification), controllers, global position systems, smart equipment, and computers  ADDIN EN.CITE (Hofmann et al., 2017, Kim et al., 2016). Furthermore, the China Association of Logistics Technology Information Centre and the Chinese Internet of Things (IoT) "Logistics Technology and Application" editorial department jointly put forward the concept of intelligent logistics, which aimed at improving the abilities of logistics system analysis, decision-making and smart execution by using intelligent hardware. Although the IoT and big data technology can be used to enhance the intelligence and automation level of the whole logistics system  ADDIN EN.CITE (Ouyang et al., 2019, Christopher et al., 2019, Liu et al., 2019), how to realize intelligent logistics on the basis of traditional operation process through reducing the dispatch cost and enhancing the market competitiveness is still one of the major challenges, which today’s logistics enterprises have to tackle.
Under the background of today’s environmental impact of e-commerce, products sold online often produced in different countries or regions. Therefore, it is a common phenomenon that logistics enterprises have to transport a different kind of products to dispatching centres through frequent long distances. However, in terms of the operations in the dispatching centre, at present, many logistics enterprises are still using traditional methods to complete the product's delivery service, such as cainiaoyizhan​[1]​ which belong to Alibaba. In addition, SF holding​[2]​ is also adopting the manual delivery method to provide door-to-door service for customers. Besides, in the dispatch centre, it is required to complete the dispatched task for the customer who has a large total product demand, a small average demand and a short delivery distance. These characteristics not only lead to an increase in dispatch cost, but also lead to lower dispatch efficiency. In this way, the implementation of the intelligent or smart logistics can provide an economical and efficient solution for logistics enterprises in solving the problem. Some significant mainstream research focused on the intelligent & smart logistics dispatch methods, such as how to provide efficient service for customers by using the Unmanned Aerial Vehicle (UAV) or Driverless cars  ADDIN EN.CITE (Kuru et al., 2019a, Carlsson et al., 2018, Song et al., 2018, Golabi et al., 2017). However, few researches discussed the efficient and intelligent operations in dispatching centre by using the Internet of things (IoT) technology, especially, the collaborative efficiency issues of customers-smart picking robots-cloud technology in an intelligent dispatching system has not been well studied in the previous literature.
The key component of intelligent dispatch in logistics enterprises includes three aspects: Firstly, the design of an intelligent dispatching system must be able to meet the requirements of package delivery for customers. Secondly, the design of the system must meet the needs of dynamic cooperation between customers, smart picking robots and cloud technology. Lastly, the design of the system must also be able meet the actual operation process in logistics enterprises. Among them, high efficiency and consistency are the keys to the above mentioned intelligent dispatch system. Besides, the shortest path problem as part of this system faces three challenges: Firstly, the optimal picking path for pickup robot is not allowed to collide with obstacles during the pickup process; Secondly, the start working time of the pickup robot need to meet the gold of minimize customer’s waiting time and maximize pickup efficiency; Thirdly, the traditional ant colony algorithm cannot be directly used to solve the shortest path problem with obstacles, so, the practicality of the ant colony algorithm should be extended for solve the shortest path problem with obstacle, which also belong to the theoretical activation and dilemma. In summary, how to design an intelligent logistics dispatch system to meet the requirements of high efficiency under the background of the rapid growth of global online sales? How to make customers, smart order-picking robots and cloud technology achieve efficient dynamic coordination in an intelligent logistics system?
To better answer the above question, this paper designs an intelligent logistics service system for enhancing dispatching operations in an IoT environment. This paper presents the system in three layouts: a) the framework structure of intelligent dispatching platform based on an IoT environment; b) the multi-objective optimization model to achieve the efficient dynamic coordination between customers, order-picking robots and the cloud technology and c) the core two-level algorithm, which comprises of Dijkstra’s algorithm and ant colony algorithm, that supports the intelligent dispatching operations. These are described in five aspects, including the problem description, framework structure design, mathematical optimization model design, algorithm design and actual case verification, which is based on the problem-oriented systematic approach  ADDIN EN.CITE (Janowski et al., 2009), where the relationships among these five aspects are shown in Fig 1.

Fig 1. The relationships among the five aspects.

As shown in Fig 1. The problem description explains the issues to be addressed in this research. The framework structure design provides the concept of intelligent dispatching platform and proposes an architecture based on the IoT and sensor technology and a conceptual model of the intelligent dispatching system. In order to achieve collaborative efficiency, the mathematical model design analyse the relationship between the arrival time of the customers and the pickup time of the robot when the customer pick-up packages from nearby parcel collection centres. A mathematical optimization model is constructed that aims to minimize the customer waiting time and packages dispatch cost in the dispatching process. The algorithm design involves an optimal path solution method based on the Dijkstra-ant colony algorithm, which supports the picking/dispatching robots to complete the dispatch of those packages, and furthermore, avoids any possible robot collisions with other physical facilities (e.g. shelves). Finally, the verification example validates the proposed method and model of this paper with an actual study.
The rest of this paper is arranged as follows: Section 2 reviews the literature and analyses the research work performed by current scholars on intelligent logistics dispatch; Section 3 demonstrates the problem and methodology applied in this study; Section 4 develops an intelligent dispatching system based on an optimisation problem; Section 5 further designs a double-layer algorithm which includes two stages. The first stage uses Dijkstra’s algorithm to find a sub-optimal feasible solution, and the second stage uses the ant colony algorithm to find a better solution based on the sub-optimal feasible solution. Section 6 presents the case analysis, and finally, Section 7 concludes this paper.

2 Literature review
This section includes the intelligent logistics services system and method analysis of intelligent logistics delivery. This section presents the research gap based on the study of comprehensive literature.
2.1 Intelligent logistics services system
Traditional logistics delivery services, as an important component for supporting product packaging, warehousing and transporting, have attracted many scholars to study and discuss in recent years. Those include solving the vehicle route optimization issues by using genetic algorithm, ant colony algorithm, tabu search algorithm and breaststroke algorithm methods  ADDIN EN.CITE (Vaziri et al., 2019, Choi et al., 2016); evaluating and improving the logistics delivery service by using the analytic hierarchy process, fuzzy comprehensive evaluation and questionnaire survey methods  ADDIN EN.CITE (Liu et al., 2015, Uslu et al., 2008). However, with the development of economic globalization and the emergence of high-technologies, customers have higher requirements for intelligent and convenient logistics services, which is also related to improving the market competitiveness of modern logistics enterprises.
Especially, with the increasing intelligent life concerns and intelligent logistics action plans in different countries, the focus of logistics enterprises has expanded beyond time, quality, cost, service to the automation and intelligence. Some advanced technologies include IoT, could technology, and sensor technology brings opportunities for the realization of intelligent logistics  ADDIN EN.CITE (Sicari et al., 2019, Lim et al., 2013, Xie et al., 2017). Notably, intelligent logistics refers to improving the logistics system analysis, decision-making, execution, intelligence and automation level, by using intelligent hardware, IoT, big data and other intelligent technology  ADDIN EN.CITE (Fu et al., 2018, Yang et al., 2017, Bajec et al., 2013). Current research shows that successful implementation of intelligent logistics not only enable to improve the operational efficiency, to reduce the cost, but also to enhance market competitiveness for logistics enterprises  ADDIN EN.CITE (Cavone et al., 2018). Some examples of successful implementation within the enterprise include amazon's automated warehouse  ADDIN EN.CITE (Bogue et al., 2016, Correll et al., 2018), drone delivery (Sheehan et al., 2019), JD's unmanned sorting centre (Feifei et al., 2017). 
The research on intelligent logistics services has been extended to different scenarios. For example, Li (2019a) used the least square method to solve the shortest path issues in port intelligent logistics based on cloud technology. However, this method is prone to fall into local optimal solution in the solution process, which lead to the optimization results are not ideal. In order to avoid local optimal solution, Hu (2019) studied a flower pollination based on an improved algorithm. Although this method can be used to meet the requirements of the optimization effect in intelligent logistics service, in reality, the optimization of intelligent logistics need to comprehensively consider the effect of the e-commerce environment. Accordingly,  ADDIN EN.CITE Barenji (2019) put forward a kind of e-commerce business logistics model based on the mixed agent scheduling and synchronization method, the core of this research is to solve the intelligent logistics system optimization issues by using the multi-agent technology. However, the wireless network technology was not being considered in this system, as Ouyang (2019) pointed out that the wireless network technology plays an important role in the construction of intelligent logistics system, and it is important to study how the wireless network technology will affect the traditional logistics model. The experimental results show that the latest wireless network technology enabled effectively achieve the intelligent logistics system build. The intelligent logistics system bound to have uncertainty factors such as network congestion, and in order to overcome this,  ADDIN EN.CITE Sun (2019) put forward a mechanism with adaptive parameter of collaborative hybrid evolutionary algorithm and ADDIN EN.CITE  Li (2018) designed a model to solve intelligent multicellular vehicle routing issues by using of fruit fly optimization algorithm (FOA).
Customer waiting is a critical issue in the process of the logistics dispatch. However, few literatures have studied how to reduce customer waiting time from the perspective of the coordination between smart order-picking robots, customers and cloud computer system, especially in the era of IoT environment, to provide a more efficient dispatch services and reduce wait times for customers has an important role in promoting the market competitiveness of logistics enterprises. In addition, nowadays, logistics managers are seeking for sensible solutions to solve the issues of low customer satisfaction and insufficient intelligent operation (Wang et al., 2016), which forms the practical motivation of this study in proposing a novel method to address the issues above in the current logistics dispatching operations.
2.2 Method analysis of intelligent logistics delivery
An effective method is the key to the realization of intelligent logistics service, many researchers have made in-depth studies on intelligent logistics methods from different perspective. The objectives and method of previously published journal articles are given in Table 1.

Table 1. The statistical results of relevant studies.
Objectives	Method	References
Information exchange and decision making among the suppliers, the delivery centre and end users in intelligent logistics delivery	Hybrid agent based approach	(Vatankhah Barenji et al., 2019)
Dynamic optimization of unmanned aerial vehicle route	Dimension reduction technique	(Kuru et al., 2019b)
Multi-objective path optimization in reverse logistics network	Nondominated sorting genetic algorithm II	(Shuang et al., 2016)
Last mile delivery service quality and cost	Operational research and mathematical methods	(Baldi et al., 2019)
The customers' preference in the last mile of dispatch	Network survey method	(Lin et al., 2016)
The service time of the last kilometre dispatch	Web survey method, performs regression analysis	 ADDIN EN.CITE (Otter et al., 2017)
The integration of different dispatch modes	Simulation-optimization framework	(Perboli et al., 2018)
The business model of urban logistics from the macroscopic aspect	Management methods	(Frehe et al., 2017)
Customer concerns about the quality of dispatch service	Evaluation method, operational research method	(Park et al., 2016)
Low-carbon logistics dispatch	Tabu search algorithm, dual objective optimization model	(Xia et al., 2018)
Vehicle route problem	Improved clone algorithm	(Tan et al., 2019)
Route optimization problem in the process of vehicle driving	Improved particle swarm optimization algorithm	 ADDIN EN.CITE (Li et al., 2019b)
Route optimization in the process of delivery	A hybrid route planning method	(Yang et al., 2019)
Outdoor unmanned aerial vehicle dispatch	Receding horizon task assignment (RHTA) heuristic method	 ADDIN EN.CITE (Song et al., 2018)
The optimization of secondary logistics network dispatch path	The Extended Particle Swarm Optimization and Genetic Algorithm	(Yong et al., 2018)
The last mile delivery	The aggregation method	 ADDIN EN.CITE (Huang et al., 2018)

Table 1 shows that most of them focused on the time, quality, cost, service and environment issues in intelligent logistics delivery. For instance,  ADDIN EN.CITE Song (2018) used mixed-integer linear programming to solve the dispatch time issue in the UAV dispatch process. However, the limitation of this method is that it does not consider the dynamic factors. So, Kuru (2019b) studied path optimization in the UAV dispatch process by using dynamic multiple allocation technology in multi-dimensional space. Accordingly,  ADDIN EN.CITE Baidi (2019) adopted a mixed integer programming method to solve the issue of cost minimization in the dispatch. Green development also has become the main topic of future logistics development. However, these methods do not consider the issue of green, based on this, Lin (2016) studied the last-mile dispatch issues of a city from three aspects of logistics cost and environment by using the continuous approximation method. Although this method takes into account the green factor, it ignores uncertainty factors, making the method's flexible performance in general. So, Lu (2019) mainly focused on the solution of feasible paths in the plane network while ignoring the obstacles in the plane network. Investigation and empirical research method also has attracted some research scholars, those include  ADDIN EN.CITE Otter (2017) adopted the network survey method to study the customers' preference in the last mile of dispatch and pointed out that more than two-thirds of the customers pay more attention to the dispatch time and have reception boxes (RBs) that are convenient to receive and deliver items. After this, Perboli (2018) used the case study method to study the evaluation of multimodal transport in the last-mile dispatch, noting that the cost and service quality are important factors in realizing the sustainable development of dispatch. However, these surveys result did not reveal the key steps to achieve sustainable dispatch, So, Frehe (2017) noted that the characteristics of the group logistics business model in the dispatch and designed the steps for a company to implement sustainable dispatch by means of expert interviews and data analysis. Besides, Park (2016) studied courier, express, and parcel (CEP) dispatch collaboration in the last-mile dispatch network and noted that the financial feasibility of CEP cooperation may be guaranteed when there are more than 900 apartments in the network, which would be conducive to the sustainable development of logistics enterprises.
Besides the focus, the algorithm method is another important issue for intelligent logistics. For instances, Xia (2018) adopted a tabu search algorithm to solve the path optimization problem based on low carbon emissions and low cost. However, this algorithm is easy to fall into a local optimal solution. To overcome this limitation, Tan (2019) adopted an immune cloning algorithm to solve the path optimization problem in dispatch, the disadvantage of this method is that it takes more time in the calculation process. For this,  ADDIN EN.CITE Li (2019b) adopted an improved particle swarm optimization algorithm to solve the path optimization issue in cold chain dispatch. Similarly, Yang (2019) used the iterative logistics solution planner (ILSP) to solve the issue of route optimization in the process of dispatch. However, these methods still have characteristics such as complexity of calculation, for overcome limitation, the improved particle swarm optimization algorithm and ant colony algorithm were adopted by Wang (2018) to solve the route optimization issues of secondary dispatch (semi-truck dispatch) and receiving networks (small vehicle dispatch). Usually, the distribution density of customers has a great influence on the dispatch work, however, the above studies ignore this point, to break through this limitation,  ADDIN EN.CITE Huang (2018) adopted the aggregation method to study the route optimization issue when a home dispatch is selected in densely populated areas, the research results showed that the increase in the operation benefit may be greater than the increase in cost in densely populated areas, however, this research does not consider emergencies which lead to poor robustness of the distribution system. So, Kokaji (2018) studied the optimization of the vehicle route to achieve the fastest dispatch speed when an earthquake occurred, taking the earthquake in eastern Japan as a case study. As observed above, under the IoT environment, few literatures focus on the research about that how to realize dynamic dispatching planning based on customer dynamic location and package location. The above methods are also mainly based on static data to achieve static optimization. Besides, various smart picking robots, IoT technology, and cloud computing technology are integrated into the existing intelligent dispatching system, but these factors are not well taken into account in the traditional theoretical methods  ADDIN EN.CITE (Sicari et al., 2019, Gavriilidis et al., 2018, Xua et al., 2019). 
In order to address the research gap above in relation to no studies have paid particular attention to develop a method to reduce customer waiting time from the perspective of coordination between smart order-picking robots, customers and cloud computer system; the method of which is based on the customer and package location sharing technology. Accordingly, this paper designs a dispatching system for operations managers, which considers the cooperative relationships between the customers, smart order-picking robots and cloud technology. In this dispatching system, the IoT technology is used to achieve the communication link between the customers and the smart picking robots. On this basis, when the customer sent the pick-up command, the proposed optimization method in this paper will be applied to the path optimization of the smart picking robots to achieve the perfect cooperation between the enterprise and the customer.

3 Problem and methodology
3.1 Problem
With the continuous development of the Internet and mobile payment technology, more people tend to go shopping online  ADDIN EN.CITE (Wu et al., 2013, Zhang et al., 2019b). However, when choosing an online shopping mode, customers usually need to rely on a logistics company to deliver the packages they buy. Here, this paper used a third-party logistics company named Cainiaoyizhan (Company H), as a case study. Company H provides last-mile delivery services for consumers​[3]​. This paper chooses this company for two reasons. First, it is a professional company that provides last-mile dispatch services, which fits the domain of this research. Second, Company H is currently facing the challenges of offering smart services to achieve a competitive advantage, which is the main motivation of this research. The existing dispatching operation of the company is as follows: when the packages arrive at the company H’s local depot near the customer, Company H will send a short message to inform the customer to come to pick-up the package; when a customer arrives at the depot, he/she usually has to wait for the staff to look for the packages requested by the customer, or the staff may allow the customer to look for his/her own packages. 
However, in this process, the customer needs wait at the nearby Company H location. This is a waste of time for the customer. In addition, such waiting may lead to congestion of customers picking up packages, so the efficiency of the entire operation is an issue. Thus, shortening the waiting time of customers not only supports the customers to get the packages they need quickly but also improves the operational efficiency of the dispatching system. The reasons of intelligent method be used in this paper is that it enables reduce the waiting time of customers, and improve the dispatching efficiency of the logistics company compared with the traditional manual operation method. Therefore, how to design a more efficient intelligent dispatching system is the key issue to be addressed in this paper. Here, the formal definitions of some specialized vocabulary include intelligent and dispatching used in this paper are as follows:
	Intelligent: The intelligent refers to the robot completing the pickup according to the customer's pickup time, customer’s location and cloud system automatically. Which aims to provide a pickup service without waiting time for customers, to achieve consistent coordination between customer, pickup robot and system automatically.
	Dispatching: the dispatching refers to the process of the robot helping the customer picking up packages timely and automatically. Here, the time when the robot starts to perform the pick-up task is determined by the difference between the customer’s expected arrival time at the dispatch centre and the pick-up time of the pickup robot. The pick-up time of the robot is determined by the optimal path planned by the cloud computing system and the travel speed of the pick-up robot. 
3.2 Methodology
To address the intelligent dispatching system for IoT-based “customer, robot and platform” environment, this paper adopts IoT technology, a dynamic multi-objective method, and control theory to establish an intelligent dispatching system based on “customer-robot-platform” tripartite collaboration. The Dynamic multi-objective method refers to achieve synchronous delivery, under the customer and the robot are moving conditions. The control theory refers to the method that is used to control the robot's pickup time in this paper. A schematic diagram of the intelligent dispatching system is shown in Fig 2.

Fig 2. A schematic diagram of the intelligent dispatching system designed in this paper.

Fig 2 shows the detailed operation diagram of the intelligent dispatching system. The goal of the intelligent dispatching system designed is to minimize the customer waiting time and packages dispatch cost. There are two key issues: to determine when the intelligent robot will perform the task of finding and picking packages for customers; and to find the shortest path quickly without colliding with the surrounding objects and dispatch the packages to the customer. Particularly, the main work of the intelligent robot is to pick-up the packages in the warehouse. The solution to this problem will be illustrated in the following section.
In general, there are two main methods to solve this issue, which includes the intelligent algorithm based on grid method and MAKLINK graph. However, the algorithm based on grid method has the features of large calculation amount and slow calculation speed, the main reason is that this algorithm needs to plan all of the grid. In addition, the calculation accuracy and the number of grid rending index correlation; on the contrary, the algorithm based on MAKLINK has the advantages of calculation amount and speed. However, in the intelligent dispatching system, the path optimization problem of a smart robot need to deal with other physical facilities (e.g. shelves). This study applies MAKLINK theory which is a method to transform network with physical facilities into network without obstacles  ADDIN EN.CITE (You et al., 2018, Guo et al., 2015). However, it is difficult to find the shortest path in network by using this single method. Therefore, in order to enhance the problem solving, Dijkstra algorithm and ant colony algorithm are used in this study. Where, the Dijkstra’s algorithm was first proposed by LAMPORT  ADDIN EN.CITE (Knuth, 1977, Murota and Shioura, 2014); Ant colony algorithm was first proposed by Italian scholars Dorigo and Maniezzo in the 1990s, its principle is to solve the shortest path problem by simulating the process of natural ants searching for food  ADDIN EN.CITE (Luo et al., 2019). In this way, this paper combines the advantages of the MAKLINK theory (Zhou et al., 2016), Dijkstra’s algorithm  ADDIN EN.CITE (Deng et al., 2012) and an ant colony algorithm  ADDIN EN.CITE (H. Z. Zhang et al., 2019a), designed a path optimization method with obstacles, which enables the robot to pick-up the corresponding packages quickly without colliding with other physical facilities (e.g. shelves). 
The specific process is as follows: Firstly, the cargo is drawn in the plane coordinate system, and the MAKLINK line is drawn in the plane according to MAKLINK graph theory (Zhou et al., 2016); Secondly, the midpoint of the MAKLINK line is used to construct the network diagram, and then the issue with obstacles is transformed into the shortest circuit solution in the network diagram. The initial feasible solution is solved by Dijkstra’s algorithm. Finally, the MAKLINK lines with the shortest path obtained by Dijkstra’s algorithm are recorded, with these MAKLINK lines as constraints, and the ant colony algorithm is adopted to find better solutions. The general idea of finding the shortest path is shown in Fig 3.

Fig 3. The schematic diagram for finding the shortest path of the robot.

Fig 3 shows the basic process diagram of finding the shortest path with obstacles using the optimization method designed in this paper. Firstly, the warehouse plan, including the obstacle of the shelf, is drawn in a two-dimensional coordinate system. In the plan, the vertex of the shelf is connected vertically to the boundary. The vertexes between obstacles are connected, and the intersecting lines with the obstacle are deleted. The undirected network without obstacle intersections is constructed by linking the midpoints of these lines (MAKLINK line). Then, the shortest path issue with obstacles is transformed into the shortest path problem of a network. Secondly, Dijkstra’s method is used to find the shortest path between the starting point and the endpoint in the undirected network constructed above. The MAKLINK line of the shortest path is recorded, and the shortest path found by Dijkstra’s algorithm is used as the sub-optimal path for the smart robot. Finally, based on the sub-optimal path, the ant colony algorithm is used to find the optimal path for smart robots to avoid obstacles. Next, the optimization model design is described.

4 Cloud Optimization model design
The main role of cloud technology is to complete the dynamic optimization of robot pick-up packages according to the dynamic information of the customers in this subsection. Based on the proposed methods, this paper designs the intelligent dispatching system optimization model, as shown in Fig 4.

Fig 4. Intelligent dispatching system optimization model.

As shown in Fig 4, this system mainly includes the customers, smart picking robots and cloud technology. When the package needed by the customer reaches the package service point, this system will send the relevant information to the customer through the cloud technology (represented by ①). When the customer is confirmed to pick-up this package, the cloud technology will be synchronized to calculate the arrival time of the customer at the dispatch point and the time robot completes the pick-up of the package. Then, the optimal start time and route for the robot are given (represented by ②).
Smart picking robots with a customer collaboration mechanism design and smart picking robots path optimization have vital significance for intelligent dispatching system, such as improving the operational efficiency of intelligent systems. The main reason is that robot and customer collaboration not only affect the operational efficiency of the dispatching system but also affect customer satisfaction. When both are not well coordinated, there are two waiting times to consider. One is the robot time to finish picking up packages waiting for the customer, which will no doubt cause a waiting issue. Second, the customer is waiting for the robot to pick-up the packages, which is likely to cause a decrease in customer satisfaction. Another important reason is that the path of the pickup robot affects the efficiency of picking up the goods because it is easy to improve the efficiency of picking up the packages when the shortest path is adopted. Therefore, the design and optimization of the intelligent dispatching system are of great significance. Next, the optimization objective function will be introduced in this paper.
4.1 The objective function
Customer waiting time is an important index, which is used to measure the coordination between order-pickup robot, customer and cloud technology. If those are not well coordinated, the customers and robots will have to wait for each other. In addition, the cost is also one of the focuses of the company. Therefore, in order to achieve more consistent dynamic coordination in the intelligent dispatching system, this paper constructs a mathematical model with the objective of minimizing the customer waiting time and pickup cost. The schematic diagram of the waiting time between the robot and the customer as shown in Fig 5.

Fig 5. The schematic diagram of the waiting time between the robot and the customer
Fig 5 shows the relationship between customer travel time and picking time of picking robot. In order to meet the gold of minimize customer’s waiting time and maximize pickup efficiency, the speed control model of pickup robot be designed and as shown in formulas (1) - (6).
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Where  represents the distance between the customer and the designated service point;  represents the average speed of the customer from point A to B; B represents designated service point;  represents the distance between the designated service point and the customer's package;  represents the average speed of intelligent robots when picking up packages;  represents the maximum speed of the customer;  represents the maximum speed of the pickup robot. formulas (2) - (3) represents the travel distance constraint; Formulas (4) - (5) represents the speed constraint; Formula (6) represents the constraints on piecewise functions of time. The objective function of shortest path optimization of robot as shown in formulas (7) -(12).
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Where,  represents the distance of a smart robot from point  to point ;  represents the maklink lines;  represents the midpoint of maklink lines;  represents the distance between two points;  represents the starting point of maklink line ;  represents the ending point of maklink line ; Formula (8) represents the maklink lines constraint; Formula (9) represents the midpoint of maklink lines constraint; Formula (10) represents the Dijkstra's result set; Formula (11) represents the feasible solution constraint of ant colony algorithm; Formula (12) represents the equal-partition maklink lines constraint. To minimize the customer waiting time and pick-up cost of the robots, this paper designs two models: the robot self-startup model and the pickup path optimization model of robots. Among them, the robot self-startup model is designed to ensure that the customer wait time is 0, and the pickup path optimization model of the robot is designed to achieve pickup cost minimization.
4.2 Robot self-startup time analysis
If the robot starts the pickup task too early, this will result in the waste of the package waiting for the customer to arrive at the designated point. If the robot starts the pickup task too late, this will cause the customers to wait for the packages at the designated point, which will lead to a decrease in customer satisfaction. Therefore, the key to designing the self-starting model of the robot is to make the robot start the pick-up task at a reasonable time. The self-startup control model of a robot pickup is designed, as shown in Fig 6.

Fig 6. The self-startup control model of the robot pickup.

Fig 6 shows that when the customer sends out the confirmation to pick-up the package at the designated point, the customer's expected arrival time (formula 3) and the robot's completion time (formula 4) will be calculated. The time when the robot starts the pickup task is equal to the customer's confirmation time to pick-up the package and the time it takes for the customer to reach the designated point; then the robot pickup time is subtracted. To ensure that the robot will deliver the package to the customer just when the customer arrives at the designated point, in the self-startup model of the robots, the customer travel time, robot travel time and robot self-startup time are the three key factors. Among them, the customer travel time, robot travel time and robot self-startup time are calculated as follows.
When the packages are transported to a dispatch station near the customer, the packages will be stored on the corresponding shelves in the warehouse. At this time, the customer will receive the information that the package has arrived. Assuming that the customer confirms that the time point for picking up the package from the nearby dispatch station is , then the calculation formula of the time required for the customer to travel from point A to designated as point B, as shown in formula (13).
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where  represents the distance between point A and point B;  represents the speed at which the customer travels from point A to point B by different transportation modes, including walking, bicycling and electric bicycle. The time required for the robot to travel from point B to point C then return to point B is expressed in , and the formula is shown in (14).
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where  represents the distance of the robot from point B to point C;  represents the average driving speed of the robot from point B to point C and then back to point B.
The time for the robot to start the pick-up task is determined by the time point confirmed by the customer (), the arrival time of customer l (), and the time for the robot to complete the pick-up task (). The time formula for the robot to start the picking task as shown in formula (15).
	 	 MACROBUTTON MTPlaceRef \* MERGEFORMAT (15)
4.3 Pickup path optimization analysis of the robot
Under the premise that the shelves are not allowed to collide, the robot’s travel route is the key to reducing the picking cost when picking up the package. In this paper, the shortest driving path is taken as the optimization objective to establish a mathematical model, in which the objective function of the path optimization model of the robot is shown in formula (16).
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where represents the distance between two adjacent MAKLINK links. Next, the algorithm for solving this model will be introduced.

5 Double-layer optimization algorithm design
The main role of the double-layer algorithm is to support the dynamic coordination between customers, robots and systems, to solve the cloud optimization issue. The Dijkstra's algorithm and ant colony algorithm will be described in detail in this section, the advantage of Dijkstra’s algorithm is that it is easy to be used to solve the shortest path problem in a network (Knuth et al., 1977), however, this algorithm cannot solve the logistics path optimization problem with obstacles. Whereas the advantage of the ant colony algorithm is that it enables to be used to solve the logistics path optimization problem in discrete space (Dorigo et al., 1999). Therefore, this paper makes comprehensive use of the advantages of both and designs the path optimization problem based on Dijkstra’s algorithm and the ant colony algorithm, which overcome the difficulty of using the ant colony algorithm alone with a large amount of computation. The specific process of the algorithm includes two parts. Firstly, Dijkstra’s algorithm is adopted to find a sub-optimal feasible driving solution of the robot in the network space. Then, on the basis of the sub-optimal solution, the ant colony algorithm is adopted to solve the optimal driving path of the robot. The double-layer optimization algorithm designed in this paper is shown in Fig 7.
 
Fig 7. The double-layer optimization algorithm.

Fig 7 shows the detailed calculation process of the double-layer optimization algorithm. The double-layer optimization algorithm consists of two stages: stage one is Dijkstra’s algorithm, and stage two is the ant colony algorithm.
5.1 Stage one: Dijkstra’s algorithm
Dijkstra’s algorithm was first proposed by LAMPORT, It is mainly used to solve the shortest circuit problem in a network diagram  ADDIN EN.CITE (Estrada et al., 2012). The basic principle of finding the shortest path in a network diagram by using Dijkstra’s algorithm is shown in Fig 8.

Fig 8. The basic principle of Dijkstra’s algorithm.

The basic steps of solving the shortest path problem in the network by using Dijkstra’s algorithm are as follows:
First, all nodes in the network are regarded as a whole set , and the nodes are numbered; second, set  and set  are constructed, where . In the initialization stage, set  only includes the starting point, and the remaining nodes belong to set . Third, the shortest distance between the set  and set  is calculated, and the nodes passed by the shortest distance are marked. Finally, the newly marked nodes are added to set , and the remaining nodes form set  to update the set. Repeat these steps until the shortest distance from the starting point to the end point is found. The shortest distance between the sets is the basis of the whole algorithm, which will be described in detail next. The calculation of the shortest accessible path between set  and set  is shown in formula (17).
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After the shortest distance from set  to set  is solved by formula (17), the corresponding line of the shortest path and the two endpoints of the line segment are marked. The endpoint  belonging to set  will be assigned a new number, , and  values.
The set is updated according to whether or not it is assigned a number  and has a  value. All the nodes that have been assigned with a number  and a  value constitute a new set , and all nodes not assigned with a number  and a  value constitute a new set . According to formula (18), continue to solve the shortest reachable path between set  and set .
	 	 MACROBUTTON MTPlaceRef \* MERGEFORMAT (18)
Repeat the above steps until all the numbers are updated and then obtain the shortest distance  from the starting point to the end point in the MAKLINK diagram.
5.2 Stage two: The ant colony algorithm
Assume that the sub-optimal path of the robot is , which is solved by Dijkstra’s algorithm on the MAKLINK graph, where the free connecting line corresponding to  is . In turn,  are used to represent the starting point and endpoint of , respectively, and then any point  on  is expressed by formula (19).
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where  is a value within [0,1], and the solution method of any point on the free connecting line based on the MAKLINK diagram is shown in Fig 9.

Fig 9. A solution method for any point on the free connecting line.

According to formula (9), a new path from  to  is determined only with a set of parameters  when Dijkstra’s algorithm is adopted to find a suboptimal path. Therefore, when the ant colony algorithm is adopted to solve the shortest path problem, the solution is expressed as , where the optimization objective function of the shortest path problem based on the ant colony algorithm is shown in formula (20).
	 	 MACROBUTTON MTPlaceRef \* MERGEFORMAT (20)
A discretized workspace is needed to solve the problem by an ant colony algorithm  ADDIN EN.CITE (Parpinelli et al., 2002). It is necessary to decompose the free connecting line segment composed of numerous continuous points into several parts to find a better path in a limited space with the ant colony algorithm. Assuming that the suboptimal solution after total  free link lines, where each free link line to  is equal, the basic idea by using the ant colony algorithm to solving this issue is as follows: firstly, the ants from point , which are randomly selected within a route from point S to , crawl to , and they release pheromones on the way, where the ants from  to  have  alternatives. Secondly, an ant randomly chooses a path from to , releasing pheromones along the path. Finally, repeat the above steps until an ant finds the shortest path to . In the whole process, an ant has  routes from  to . The shortest path solution diagram based on an ant colony algorithm is shown in Fig 10.

Fig 10. Shortest path solution diagram based on ant colony algorithms.

Step 1: Parameter setting. This includes setting the number of free link line segments to pass through, pheromone calculation parameters, pheromone selection threshold, pheromone update parameters, heuristic values, heuristic information parameters, population number, and cycle times.
Step 2: Loop through the search. Each ant starts from the point . Firstly, it randomly selects any equal point on the first MAKLINK line to pass through. Secondly, an ant randomly selects any equal point on the second MAKLINK line to pass through until it arrives at the end point, . Whether the ant chooses a point as the forward direction is determined by the transition probability , as shown in formula (21).
	 	 MACROBUTTON MTPlaceRef \* MERGEFORMAT (21)
where t represents the number of ants; for ,  represents the current point of the ant,  is the point before  , and  is the point to be searched after , ;  represents the pheromone factors, and  represents the visibility factors.
Step 3: The pheromone update. After each individual ant completes a path search, it updates its pheromones. The pheromone update method is shown in formula (22).
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Step 4: Termination condition. Repeat the above steps until the optimal path is found or the maximum number of iterations is reached, the search ends and the algorithm terminates.

6 Application case
6.1 Case study and results
Nowadays, more and more people choose to shop online. The dispatch of packages is an important part of the entire shopping process as it determines whether the customers enable to get the products they purchased. In this context, company H provides packages collection and dispatch services for customers, the main issue of company H is that they are not able to satisfy the dynamic coordinate between customer, pickup robot and system. As a result, the customer needs a long period of waiting time during the pickup process. In addition, the dispatching efficiency is also low. Here, Fig 11 shows the current dispatch process of company H.

Fig 11. An example of the current dispatch service process of company H.

Fig 11 shows the current status of the dispatch process. In the existing dispatch process, there is a phenomenon where customers enter the warehouse of company H to actively search for their own packages, which obviously increases the time for customers to pick-up the packages. However, for those customers who pay attention to the time factor, they may expect to further reduce the time of finding their packages. Based on this, the intelligent dispatching system designed in this paper is applied to the dispatch service, and the model and method of this paper are preliminarily verified. Here, the intelligent dispatching system mainly provides the parcel collection service for users through online shopping, aiming at providing the dispatch service for consumers. When the customer's package arrives at the smart warehouse, the package code is sent to the customer in the form of a short message. When the customer receives the short message, they will go to the warehouse to find the package and sign it. Throughout the whole process, the customer needs to queue up to find the package, which causes issues of low dispatch efficiency and intellectualization.
To not lose generality, this paper will use a more general mathematical model to describe the above issues, and the shelf coordinate values and quantity will be given directly. In fact, the purpose is to verify that the method has more general value, rather than just for company H; this does not affect the model's theoretical and practical value. Assume that there are eight shelves in the intelligent warehouse, A, B, C, D, E, F, G, and H. The coordinate values of the 32 vertices corresponding to these eight shelves are shown in Table 2.


















In this paper, MATLAB software is used in a Windows 10 system to solve the above issues. Firstly, the MAKLINK line is drawn according to the coordinate value of the vertex of the shelf. The MAKLINK line refers to the line between the vertex and vertex of the shelf, or the vertical line segment between the vertex and the edge of the shelf, and the MAKLINK line is not allowed to intersect with the shelf. The location of the package is indicated by S, the location of the customer is indicated by T, the coordinate value of S is S (19,150), and the coordinate value of T is (300,120). The MAKLINK lines of a warehouse with eight shelves are drawn by MATLAB in this paper, and the midpoint of each MAKLINK line is marked. The MAKLINK line is shown in Fig 12.

Fig 12. The MAKLINK line.

Second, the MAKLINK line is used to construct the network without colliding with a shelf. In this paper, a matrix is adopted to express whether there is a reachable relationship between MAKLINK lines, where 1 is used to express the reachable relationship between two points, 0 is used to express the non-reachable relationship between two points, and the precondition for judging the reachable relation between two points is that the connection between these two points does not collide with a shelf. The reachable matrix based on the midpoints of the MAKLINK lines is shown in Fig 13.

Fig 13. Diagram of the reachable matrix.

Third, a sub-optimal path of the robot is found. According to the matrix used to structure the network diagram, which does not collide with shelves, the issue was converted into solving the shortest path problem in the network. Dijkstra’s algorithm was used to solve the shortest path from point S to point T. Then, the shortest path in the network could be expressed as a sub-optimal feasible solution for the robot. The result of the sub-optimal path by using Dijkstra’s algorithm is shown in Fig 14.

Fig 14. Suboptimal path based on Dijkstra’s algorithm.

Finally, based on the sub-optimal solution of the network, the ant colony algorithm is used to solve the optimal picking path of the robot. Since the ant colony algorithm requires a limited number of spatially feasible solutions to solve the problem, each MAKLINK line is divided into 20 equal segments in this paper, which means that there are 20 different schemes for the ant to choose from each time it selects a forward search direction. When N MAKLINK lines are passed, there are a total of 20N routes. Among them, the estimated result (red line) of the robot based on the Dijkstra-ant colony algorithm is shown in Fig 15.

Fig 15. Optimum result of the robot based on the Dijkstra-ant colony algorithm.

The iteration diagram in the process of solving the optimal pickup path of the smart picking robot based on the Dijkstra-ant colony algorithm is shown in Fig 16.

Fig 16. Iterative graph based on the Dijkstra-ant colony algorithm.

The iteration diagram shows that the double-level optimization algorithm based on the Dijkstra-ant colony algorithm designed in this study has a positive effect on finding the optimal traveling path for a robot. Here, the optimal scheme is found through 15 iterative steps, and the shortest traveling distance is 291. This result shows that the model and algorithm constructed in this paper may meet the optimization requirements of intelligent dispatching system based on “customer-root-system” tripartite cooperation and may have a positive effect for logistics companies to realize intelligent dispatching.
6.2 Algorithm performance and comparisons
In order to verify the performance of the double-layer optimization algorithm in the intelligent logistics dispatching system, this sub-section tests the effectiveness of the algorithm under different MAKLINK lines midpoint parameters. During the test, the parameters set in this sub-section are as follows: the value of pheromone parameter is 1.5; The threshold for pheromone selection is 0.85; The heuristic parameter value is 1.2; The population size is 10; The maximum number of iterations is 500; Choosing the MAKLINK lines midpoint parameters as control variable, the control variable parameters are divided into four groups: i =8, j =8; i =10, j =10; i =28, j =28; i =38, j =38. Where, i, j represents the selection parameters of maklink midpoint node based on dijkstra’s algorithm result. The algorithm performance test results as shown in Fig 17.

Fig 17. The algorithm performance test results under different parameters

Fig 17 shows that the double-layer optimization algorithm designed in this paper has a better performance. Especially, when the control variable parameters are set to i = 8, j = 8, the algorithm's performance is the best which the optimal value is 289.15. Followed by i =10, j =10; i =38, j =38; i =28, j =28. Where, the optimization results under different parameters as shown in Fig 18.
  
a) i=8, j=8                                   b) i=10, j=10
   
c) i=28, j=28                                   d) i=38, j=38
Fig 18. The optimization results under different parameters

In order to prove that the double-layer optimization algorithm designed in this paper has certain advantages over other algorithms, the grid-based method will be as a comparison object method in this sub-section. The grid-based method was proposed by Moravec Elfes and Borenstein Koren.et al (Tae-Kyeong Lee et al., 2011), due to it is simple, intuitive, and the data is easy to represent and store in the system, grid-based method has been widely used in obstacle avoidance navigation, pose estimation and path planning (LIU Xiaolei et al., 2016). The efficiency of the grid-based method has a negative correlation with the size of the grid, besides, the robot moving path issue solved in this paper belongs to the issue of 250*300 grids, which needs to be converted into 300 * 300 = 90000 grids when using the grid-based method. In order to improve the calculation efficiency of the grid method, the small capacity grid and same case set will be selected in this sub-section. That is the data in this sub-section will be reduced by ten times uniformly, and the issue will be transformed into an issue of 30 * 30 = 900 grids. The evolutionary iteration diagram of different algorithms as shown in Fig 19.

a) The grid-based optimization algorithm

b) The double-layer optimization algorithm
Fig 19. The evolutionary iteration diagram of different algorithms

Fig 19 shows that the double-layer optimization algorithm has more advantages than the grid-based optimization algorithm, which is mainly reflected in two aspects. The first is that the double-layer optimization algorithm has faster convergence speed, which is critical to improving the ability of intelligent robots to respond to time. The second is that the optimal value obtained by the double-layer optimization algorithm is better than by the grid-based optimization algorithm. The optimal value obtained by using the double-layer optimization algorithm is 28.92, and the optimal value obtained by using the grid-based optimization algorithm is 36.04. The travel path of the intelligent robot obtained by two optimization algorithms as shown in Fig 20.
 
a) the grid-based optimization algorithm’ result       b) the double-layer optimization algorithm’ result
Fig 20. The travel path of the intelligent robot by using different algorithms

Fig 20 shows that the double-layer optimization algorithm has certain advantages over the grid-based method. This is mainly due to the MAKLINK and dijkstra method be used to reduce the latitude of the robot's feasible path, based on this, the ant colony algorithm was used to optimize the robot's travel path. However, the grid-based method does not have this advantage. When the grid-based method was used, the ant may have 8 options during each step of the forward driving process. In an n-step iteration issue, the ant has 8n choices, which is the main reason for the poor results of the grid-based method.
6.3 Application and discussion
This section will present the application and discussion. This paper designed an intelligent dispatching system for this new application scenario, and its application case diagram is shown in Fig 21.

Fig 21. Intelligent dispatching system.

Fig 21 shows the schematic diagram of the intelligent dispatching system designed in this paper, which is different from the dispatch mode in Fig 11. In other words, it is an improved mode from that in Fig 11. In the intelligent dispatching system, the cooperation between the customers and the pick-up robot is realized through cloud technology and IoT technology; that is, when the packages arrive at the intelligent dispatch warehouse, the customers will receive the dynamic logistics information. When the customer issues the pick-up order, the cloud technology will calculate the optimal pick-up time of the pick-up robot and control the pick-up robot. In contrast, the customer's packages will be temporarily stored in the warehouse. The optimal pick-up time of the robot means that the completion time of the pick-up is equal to the arrival time of the customer, which will realize consistency and coordination between the customer and the pick-up robot.
The application scenario of the intelligent dispatching system designed in this paper aims to minimize the waiting time of customers. Theoretically, the waiting time of customers is zero, which is of great significance for improving the efficiency of customer pickup. In addition, this paper takes the shortest path as the optimization target when determining the picking path of a robot, which is conducive to reducing the dispatch cost of the enterprises. The comparison of the pick-up time between the intelligent dispatching system and traditional dispatching system is shown in Fig 22.

Fig 22. Comparative analysis of the pickup time.

Fig 22 a) describes the traditional dispatch time. In the dispatch process, the customer needs to wait, while the intelligent dispatching system designed in this paper has a positive effect by reducing the waiting time to zero, as shown in Fig 22 b). At this time, the customer's saved pickup time is . This makes an important contribution to reducing the customer waiting time. In this subsection, statistical methods are used to calculate the average pickup time and wait time in different time periods in a day, whereby the company H’s office time is from 9:30-19:30, each time period is considered as an hour, take the average value of the customer’s pickup time and waiting time as the statistical results. The average value of the customer’s search time and waiting time in different time periods in a day as shown in Fig 23.

Fig 23. The average value of search and waiting time in company H.

Fig 23 shows that the customers’ average pickup time when company H adopts the traditional dispatch method. Based on the figure, the pick-up time and waiting time are increased during [11:30 14:30] and [17:30 19:30], the main reason is that in those two periods, the number of customers has increased. Besides, the dispatching efficiency of company H is often very low in these two areas. However, when the intelligent dispatching method is used to perform dispatch task, the robot’s average pickup time is 12.5s, where, the size of pickup centre is 200cm*300cm, assuming that the robot pickup at an average speed of 40 cm/s, average pickup robot path is 500 cm. This proved the efficiency of the proposed system of this research. 
7 Conclusion
Realizing intelligent dispatching based on IoT technology is a complex system engineering because there are many complex factors. For example, when the smart picking robot pick-up a package in the warehouse, they shall not collide with the shelves. In addition, it is difficult to dispatch the package to customers at the proper time. Based on this, this research designed an intelligent dispatching system for these reasons. The managerial implication of this study is manifested in two aspects: a) this study provides a novel method for logistics managers who aims to solve the issues of low customer satisfaction and insufficient intelligent operation in the current logistics dispatching process, including designing an intelligent logistics dispatching system, which enables dynamic coordination between customers, order-picking robots and cloud technology, and realizing the smart dispatching system to enhance customer satisfaction through minimizing customer collection waiting time; b) this study provides a detailed operation process and principle of intelligent logistics service system for management, which is of great significance for the managers to apply the management scheme in practice and improve the current operations efficiency. Logistics managers are one of the biggest beneficiaries from the findings of this study because the design of the intelligent logistics service system has an important reference value based on the proven finding in this study through the use of IoT to improve the efficiency of the dispatching system. Besides, this study not only focuses on how to achieve intelligent logistics service, but also directly associates to improving customer satisfaction and the overall operations efficiency. 
In practice, this paper has an important contribution to support operations managers to realize intelligent dispatch. This is mainly reflected in three aspects. The first aspect is that this paper gives a detailed idea about how to design an intelligent dispatching system, including how the smart picking robots are applied to assist customers in picking up packages and signs for customers. The second aspect is that this paper gives a detailed description of how to realize the intelligent dispatch, including the starting time of the smart robots and the path planning solution method. The third aspect is that this paper verified this method in the form of a case study, which is helpful for operations managers to better reference in practice.
In theory, the research results of this paper also have important contributions. Because, at present, there are relatively few research results on the collaborative efficiency of smart picking robots and people in an intelligent dispatching system, so, in this paper, a method be designed to solve this issue, which has important theoretical value to fill the research gaps and deficiencies in this field. Especially in the era of the IoT, implementing intelligent dispatching system has become a new trend  ADDIN EN.CITE (Al-Fuqaha et al., 2015), and although there is research on this issue of intelligent dispatching system based on IoT (Hiari et al., 2017), it is still at the macro frame concept. In contrast, in this paper, the intelligent operation model of the intelligent dispatching system and smart robot path optimization methods are described in detail. In addition, the existing literature on path optimization rarely considers obstacles  ADDIN EN.CITE (Tan et al., 2019, Wang et al., 2012); in fact, in the actual dispatch process, vehicles will inevitably encounter obstacles, so the method designed in this paper may address this shortcoming. In particular, aiming at the shortcomings of the grid-based method in solving the issue of intelligent robot path planning, this paper combines the advantages of the MAKLINK theory, Dijkstra’s algorithm and an ant colony algorithm, designed a path optimization method with obstacles, which enables the robot to pick-up the corresponding packages quickly without colliding with other physical facilities (e.g. shelves). The superiority of this algorithm is also proved by the performance and compare with grid-based optimization algorithm. Of course, the coordination within the customers, smart picking robots and the cloud technology is also a factor frequently ignored by existing literature in the study of path optimization  ADDIN EN.CITE (Dorling et al., 2017). This paper also provides good theoretical value in this regard, which may be helpful for the research by providing a certain reference value for an in-depth study in this field.
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